(Bed 27c), I. staeschei Zone (Beds 27d-28), I. isarcica Zone (Bed 29), and C. planata . The GSSP for the PTB was defined at the first appearance datum (FAD) of H. parvus (Yin et al., 2001 ). The mass extinction interval was identified between the top of Bed 24e and Bed 28.
Recently, Burgess et al. (2014) (Fig. 2) . These ages are consistent with previously published ages (Shen et al., 2011) and the astrochronology (Wu et al., 2013) within error. The ages and durations of the Zn isotope stages (S1-S4 in Fig. 2) were determined by the U-Pb ages (Burgess et al., 2014) and astronomical time scale (Wu et al., 2013) .
ANALYTICAL METHODS

Carbon and oxygen isotope analyses of carbonates
Bulk carbonate samples were powdered to react with purified H 3 PO 4 under vacuum at 50 o C for 12 h. Generated CO 2 gas was cryogenically extracted and sealed in vacuumed tubes for isotope analysis. Isotope analyses were carried out at the Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences using a Finnigan MAT-253 isotope-ratio mass spectrometer. Reproducibility on replicated samples is better than 0.03 ‰ (2s) for δ C carb profile obtained in this study is consistent with that of Shen et al. (2011) and Cao et al. (2009) (Fig. 2 ; Tables DR1-2).
Carbonate dissolution procedure for Zn isotopes and concentrations
A leaching procedure modified from previously established methods (Pichat et al., 4 2003; Kunzmann et al., 2013) was designed to extract the carbonate fraction of samples.
This chemical procedure allows the separation of the carbonate fraction from other components without inducing Zn isotope fractionation (Pichat et al., 2003) . Samples were carefully checked to avoid visible veins and fractures. Sample powders of 200 mesh were obtained using an agate mortar that is carefully cleaned with ethanol and Milli-Q water (18.2 MΩ). The resulting powders were then thoroughly homogenized. The whole procedure avoids Zn contamination by metal tools. The leaching steps were performed in a clean room under laminar flow hood (class 100) to minimize Zn contamination. All reagents have been detected to ensure no potential Zn contamination. The supplies used in the leaching experiments were cleaned thoroughly between each sample. Teflon perfluoroalkoxy (PFA) beakers were used for leaching solution, which were pre-cleaned with 1:1 (v/v) nitric acid and hydrochloric acid. Polypropylene filters and centrifuge tubes were soaked in 10% nitric acid over 24 hours without heating. Hydrosoluble salts and exchangeable fraction on clays were removed before leaching of carbonates using Milli-Q water and 1 N ammonium acetate (NH 4 AC) alternately.
The carbonate fraction was then leached with two steps of 0.05 M super-pure acetic acid in a thermostat at 65 °C, until no bubbles were generated. The supernatants were collected after 20 min of centrifugation, followed by filtration. The leached supernatants were dried at 80 °C and added with 2 ml of 8 M HCl. This step was repeated twice to remove acetic acid. Finally, the solution was prepared in 1 ml of 8 M HCl for chemical anion-exchange separation. During the preparation, blanks (including reagents and containers) are added to mimic the leaching procedure. The leaching procedure ensures the separation of the carbonate fraction of samples without contamination from other components (such as clays, salts, and oxides). This is consistent with the extremely high (>10,000) molar Ca/Al ratio of leached solution and <0.1‰ difference in δ
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Zn of duplicate analysis. Most samples were also leached following previously established method (Pichat et al., 2003; Kunzmann et al., 2013 ) using 1.5 M acetic acid and no significant differences were found. However, the weaker acetic acid (0.05 M) used in this study faithfully reduce the risk of release of Zn from other components such as clays and oxides. In particular, the two steps of leaching on the same samples could help to assess whether a single component (carbonate) was leached and no other components were significantly involved. This is achieved by analyzing Zn isotope compositions of the two leachates from the same samples.
Zinc isotope measurements
The column chemistry and instrumental analysis of Zn isotopes follow the methods of Liu et al. (2014) and Maréchal et al. (1999) . The leaching solutions were dried at 80 o C.
For some samples, the leaching residues were completely dissolved in a 1:1 (v/v) mixture of double-distilled HF and HNO 3 in Savillex screw-top beakers. Zinc was purified by an ion-exchange chromatography using Bio-Rad strong anion resin AG-MP-1M. 2 ml pre-cleaned resin was loaded onto the column. Matrix elements were eluted in the first 10 ml 8 N HCl. Copper and iron were then collected in the following 24 ml of 8 N HCl + 0.001% H 2 O 2 and 18 ml of 2N HCl. Zinc was collected in the subsequent 15 ml of 0.5N HNO 3 . This procedure allows Ca to be completely separated from Zn and a 100% recovery for Zn. The total Zn of procedural blanks is 2 ng, which is less than 0.5% of loaded Zn (>0.4 μg) in the studied samples. The Zn fractions were repeatedly dried and dissolved with 3% HNO 3 to remove all chlorine prior to isotope analysis.
Zinc isotopic ratios were measured using a Neptune plus multi-collector inductively 
Major and trace element analysis of bulk rocks and leaching solutions
The carbonate fractions were extracted for Zn concentration analysis following the same procedure for Zn isotope measurement (Table DR4 ). Trace element analyses of the leached solutions were accomplished using an inductively coupled plasma mass spectrometer (ICP-MS) similar to previously reported procedures (Liu et al., 2010) .
Reproducibility was better than 5% for elements with concentrations >10 ppm and less than 10% for those <10 ppm based on long-term analysis of standard materials. The basalt standard (BHVO-2) and carbonatite standard (COQ-1) analyzed yield Zn concentrations of 107 μg/g and 85 μg/g, respectively, consistent within errors with the recommended values (103 μg/g and 87 μg/g). The Zn concentration in carbonates is calculated from Zn contents (μg) in the leaching solutions divided by the contents of carbonates (g), the latter of which are calculated based on major elements in the bulk rocks.
Some samples of bulk sediments were selected for major element analysis to evaluate the possible influence of silicate components on Zn isotopic compositions of the leached carbonate fractions (Tables DR5). Major elements were analyzed using the wet-chemistry methods at the China University of Geosciences (Beijing). Losses of ignition (LOI) were determined by gravimetric methods. Analytical reproducibility of major elements is better than 2% and for the majority is better than 1%.
Mass balance calculation on Zn cycling in the end-Permian ocean
The global oceanic mass balance of Zn isotopes was recently evaluated Vance et al., 2016 Zn shift in Meishan happened at a ≤ 3 cm interval that has been constrained as < 1,500
years (Wu et al., 2013; Burgess et al., 2014) . In such a time framework, weathering input alone may not be able to shift δ 
